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ouidLiuu uy ii^uiu-ii'-juiu piw:c separation una 
to products resulting therefrom, end more 
particularly to a process of coacervation for 

15 encapsulating particles consisting of 3n oil-in- 
hydrophilic liquid emulsion and to the pro- 
ducts thereof. 

As employed herein, the term lipophilic is 
applied to those surfaces hiving stronger 

20 attractive forces for low dielectric constant 
and non-polar media than for high dielectric 
constant and polar media. The term hydro- 
philic refers to those surfaces having stronger 
attractive forces for high dielectric constant 

25 and polar media thin for low dielectric con- 
stant and nGn-polar media. 

According to the novel process of this in- 
vention, the novel products hereof are pre- 
pared by firs: forming a primary oil-in-hyd- 

30 rcphilic liquid emulsion (the oil being a lipo- 
philic liquid) containing one or more thicken- 
ing agents as hereinafter defined in the hydro- 
philic liquid phase. The said primary emul- 
sion is then dispersed in an aqueous disper- 

35 sion of at least two coacervating polymers as 
hereinafter denned, a: least one of which is a 
hydrophilic colloid and at least one of which 
is a linear macrcmolecular synthetic polymer, 
as hereinafter defined. Dilution of the re- 

40 suiting secondary emulsion with w?ier, or 
adjustment of the pll, causes a coacervate 
composed of the coacervating polymers to 
deposit about the particles of the said second- 
ary emulsion, these particles being composed 

45 of the primary emulsion. 



suigic-pnase poiymenc dispersion (eitner a 
solution or a sol), leaving behind a polymer- 
poor sol or equihbrium liquid. The co- 
acervate appears initially as a fine dispersion 60 
of microscopic droplets of polymer in the 
equilibrium liquid. When formed in a pure 
colloidal system, these droplets are essenti- 
ally homogeneously dispersed. However, if 
foreign materials are present in the original 65 
dispersion, the coacervate tends to form 
around these materials. Technically, the 
term coacervation therefore relates to the pro- 
cess by which the liquid colloidal concentrate 
or coacervate is formed as a phase entity of 70 
the initial sol or solution. In its practical 
aspect, and as employed herein, coacervation- 
relates to the process by which foreign materi- 
als present in the sol when the coacervate is 
formed are enveloped or encapsulated by the- 75 
coacervate. Where the coacervate consists 
of a single polymer, the coating is termed a 
simple coacervate and the process is termed 
simple coacervation; where more than one 
polymer is present in the coacervate, as here- 80 
in, the process is called complex coacervation 
and the costing is termed a complex coacer- 
vate. In this invention the materials con- 
stituting the aforesaid polymers are hydro- 
philic colloids 2nd linear macromolecular syn- 85 
thetic polymers as hereinafter defined. 

Coacervation has long been known as a 
phenomenon primarily of academic interest, 
and only in recent years has it been developed 
in certain limited aspects for commercial uti- 90 
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We, The Upjohn Company, a Corporation 
organised and existing under the Laws of the 
State of Delaware, United States of America, 
of 3C1, Henrietta Street, Kalamazoo, Stitz of 

D Michigan, United Slates of America, do here- 
* by declare the invention, for which we pray 
that a patent may be granted tD us, and the 
method by which it is to be performed, to 
be particularly described in and by the fol- 

10 lowing statement: — 

This invention relates to a process of encap- 
sulation by liquid-liquid phase- separation r.nd 
to products resulting therefrom^ end more 
particularly to a process of coacervation for 

15 encapsulating particles consisting of an oil-in- 
hydrophilic liquid emulsion and to the pro- 
ducts thereof. 

As employed herein, the rerm lipophilic is 
applied to thoie surfaces hiving" stronger 

20 attractive forces for low dielectric constant 
and non-polar media than for high dielectric 
constant and polar media. The term hydro- 
philic refers to those surfaces having stronger 
attractive forces for high dielectric constant 

25 and polar media thin for low dielectric con- 
stant and non-polar media. 

According to the novel process of this in- 
vention, the novel products hereof are pre- 
pared by first forming a primary oi!-in-hyd- 

30 rophilic liquid emulsion (the oil being a lipo- 
philic liquid) containing one or more thicken- 
ing agents as hereinafter defined in the hydro- 
phi lie liquid phase. The said primary emul- 
sion is then dispersed in an aqueous disper- 

35 sion of at least two coacervarir.g polymers as 
hereinafter defined, at least one of which is a 
hydrophilic colloid and at least one of which 
is a linear macr: molecular synthetic polymer, 
as hereinafter defined. Dilution of the re- 

40 suiting secondary emulsion with w?.ter» or 
adjustment of the pH, causes a coacervate 
composed of the ccacervatin? polymers to 
deposit about the particles of the said second- 
ary emulsion, these particles being composed 

45 of the primary emulsion. 



Liquid-liquid phase separation refers to the 
separation of a solution or a sol of polymer 
or combination of polymers into two distinct 
liquid phases, Gne designated as the polymer- 
rich phase and the other the polymer-poor 
phase. Where the polymer-rich and poly- 
mer-poor phases are colloidal sols rather than 
true solutions, the phenomenon of phase 
separation is herein designated as coacerva- 
tion. Thus, a coacervate is a polymer-rich 
sol which has s^parat^d from "an original 
single-phase polymeric dispersion (either a 
solution or a sclj, leaving behind a polymer- 
pcor sol or equilibrium liquid. The co- 
acervate appears initially as a fine dispersion 
of microscopic droplets of polymer in the 
equilibrium liquid. * When formed in a pure 
colloid?.] system, these droplets are essenti- 
ally homogeneously dispersed. However, if 
foreign materials are present in the original 
dispersion, the coacervate tends to form 
arcund these materials. Technically, the 
term coacervation therefore relates to the pro- 
cess by which the liquid colloidal concentrate 
or coacervate is formed as a phase entity of 
the initial scl or solution. In its practical 
aspect, and as employed herein, coacervation • 
relates to the process by which foreign materi- 
als present in the so] when the coacervate is 
formed are enveloped or encapsulated by the 
coacervate. Where the coacervate consists 
of a single polymer, the coating is termed a 
simple coacervare and the process is termed 
simple ccacerv3tion; where more than one 
polymer is present in the coacervate, as here- 
in, the process is called complex coacervation 
and the coating is termed a complex coacer- 
vate. In thib invention the materials con- 
stituting the aforesaid polymers are hydro- 
philic colloids 2nd linear macro molecular syn- 
thetic polymers ?.s hereinafter defined. 

Coacervation has long been known as a 
phenomenon primarilv of academic interest, 
and only in recent years has it been developed 
in certain limited aspects for commercial uti- 
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lization. However, even with this renewed Similarly, vitamins, notably combinations of 
interest in the subject, the technique his been water-soluble and oil-soluble vitamins, can be 
successfully described only for the costing of in corpora ted into dry cereal preparations for 
oil droplets per se and of oil droplets contain- release in the body. Cosmetics" can be pre- 
5 ing dissolved or dispersed materials. 3riiish pared in which the topical agent is enclosed 70 
Patent Specification No. 751,600 discloses in impermeable but readily destructible co- 
me thods for encapsulating oil droplets by co- acervate shells. Pharmaceutical materials 
scervate coatings of the complex and simple can be encapsulated for sustained release in 
types. Although the S2id patent describes tip body upon contact with a predetermined 
10 the formation of coacervates from an oil-in- pH environment or enzyme svstem, or where 75 
water emulsion, only the oil phase is actu- stability, odour, taste or incompatibility prob- 
ally encapsulated by the coacervate. Prior lems are present. Such materials can be 
to the present invention, the encapsulation of enclosed in coatings suitable for crrJ, topical 
an intact emulsion of any type by a coacervate or injectable use by regulation of the particle 
15 had not been reported, and the important size and coating thickness, permeability and 80 
advantages of a coacervate-coated emulsion in hardness or by selection of ccacervating com- 
which either or both of the phases thereof penents. Insecticides with selective toxicity 
contain dissolved or suspended active ingredi- for inreets but which are relatively non-tosic 
en is as hereinafter specified have not teen toward humans can be encapsulated, for ex- 
20 hcrerofore available. In addition, no method ample, with coacervate coatings which are 85 
vzs known whereby a coacervate could be highly impermeable except in the presence of 
deposited on any surface, emulsion or other- enzymes of the injects. Rodenticides which 
diM>!3ying hydrophilic qualities or being are elective on ingestion by the animals but 
r.cxtn-illy h>-drophilic in character, as, for ei> which have odours that forewarn or repel 
25 ample, an aqueous or a water-soluble surface, them can likewise be coated by the method 90 
It rus now been unexpectedly found, how- of this invention with virtually complete im- 
ever, that a hydrophilic surface, as, for ex- permeability with resDect to the odour, 
ample, an aqueous surface, presented as the Complex coacervation according to this in- 
cxwrnoJ nhne of an emulsion, can be adapted venticn involves the separation of an aqueous 
30 to r:cem* 3 coacervate membrane by provid- dispersion at least crie hydrophilic colloid 95 
inc a: least one thickening agent, as herein polymer and at least one linear macromole- 
denocd. in the hydrophilic liquid cr aqueous cular synthetic polymer as ccacervating ccm- 
cxicmol rba*e of the said emulsion. The ponents into two phases, one of which con- 
presence of the thickening agent, in necessary tains the said coacervating polymers in high 
35 conjunction with the oil comprising the in- concentration and the other "in relatively low 100 
terra] ->hcse, in some unknown msnner irn- concentration, these phases being known as 
parts to the outer surface of the external the polymer-rich and the polymer-poor phases, 
poise the surface characteristics required for respectively. It is essential that if one or 
cucervnc deposition. Additionally, it has more hydrophilic colloids are gelable, co- 
40 bcirr. fcunj that the class of linear rnaerornole- acervstion must be carried out above the gel 105 
cular 5 vn; he tic polymers can be advantag- point; if one or more are isoelectric, (by which 
eou-dy employed as coacervating component?, term we mean a colloid whose molecules con- 
and that a thickening agent is useful in thi tain both acidic and basic groups), coacerva- 
hydrophilic liquid phase of the primary emu I- tic-n must be conducted at such a pH that 
45 sion 10 fix ingredients therein. collcids of opposite charge are present. Speci- 110 

Thr present process and products result- fically, the term hydrophilic colloid as used 
ina; therefrom afford a new approach to the herein refers to the naturally-occurring ^el- 
pro vis ion cf impermeable coatings of high able and non-gehble hydrophilic colloids and 
strLCgth or coatings which permit 3 gradual derivatives thereof, examples of which are 
50 iclcair of contents for water-soluble matcii- gelatin, agar-agar, albumen, alginates, de- 115 
al s broidly, 3 problem which has heretofore acetylared chitin, acacia, starch, and nbrino- 
resisted loluuon by the known techniques of gen. 

coacerv-tion. Encapsulated emulsion par- 3y the term " linear macromolecular syn- 
ticlcs can be prepared containing appropriate rhetic polymer " we mean macromolecular 

55 active in~redicn:s, as hereinafter specified in polymers having an average molecular weight 120 
the cmuUion phases for use cs sustiined re- of at ler.st 20.CC3 end having a linear, as 
lease fcniliycrs, plant growth regulann and opposed to a cross-linked, polymeric structure; 
pesticides such as fungicides, nematcd jss, for example, those whose polymeric structure 
bactericides, viricides and the like for agri- comprises both lipophilic' units and hydro- 

60 cultural use. In addition, ingredients c*m philic units, i.e., firstly, a recurring polymer 125 
be incorporated in prcmixed foods which unit which is essentially lipophilic In clnrae- 
could net normally be included becsu^e of te~ and preferably comprises" a single recur- 
less in the drying step, the encapsulated in- ring group 'e.g., one derived from styrene, an 
gredients being liberated by the shearing force alkyl ring substituted styrene or an ether or 

65 exened in a mixing step prior to actual use. ester substituted ethylene) but may also con- 130 
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tain small amounts of other groups which SC-2 'the latter being a modified styrene- 
may be either hydrophiiic cr lipopliilic in maleic anhydride copolymer available from 
character, the amount of any grouos of hydro- Monsanto Chemical Company) can be hydro- 
phiiic character being such that the polymeric lyzed to styrene-maleic acid copolymer. The 

5 recurring unit retains its essentially lipophilic hydrolysis can be partial or complete and in- 70 
character, and secondly, a recurring polymer volves a conversion of the acid anhydride link- 
unit which is essentially hydrophiiic in charic- age to i-dicarboxylic acid units. It is pre- 
ter and preferably comprise: one recurring ferred that the hydrolysis be substantially 
group (e.g., a group derived from maleic acid, complete, i.e., more than 50 % complete. 

10 makic acid amide," acrylic acid, crotonic acid, The solubility of the polymers employed in 75 

acrylic acid amide) but may also contain small this invention varies considerably in a selected 

amounts of other groups of either hydrophiiic aqueous liquid. For example, completely 

or lipophilic character, the amounts of any hydrclyzed styrene-maleic anhydride copoly- 

groups "cr lipophilic character being such that mer is about 2% soluble in water but at least 

15 the recurring unit retains its essentially hydro- 20% soluble in a 1:1 mixture of methanol 80 

philic character. Examples o; the groups and water. Thus, the desired amount of 

which may be present in small amounts in copolymer can be contacted with the lipo- 

either recurring unit are groups derived from philic material at high dilutions in water or, 

acrylonitrile, acrylic acid", methacrylic acid, preferably at higher concentrations, by the 

20 itaconic acid, ethyl vinyl ether, methyl vinyl addition of a solubilmng agent, e.g., another 85 

ether, vinyl chloride, and vinylidiene chloride, hydrophiiic liquid. A type of solubilizing 

Examples of such macromolecular synthetic agent useful when carboxylic acid polymers 

polymers are the hydrolysed styrene-maleic are employed are the polysaccharides, e.g., 

anhydride copolymers, styrene-maleic acid alginates, pectins, methyl cellulose, and car- 

25 J amide copolymers, sulphonated polystyrenes, boxymethylcellulose. Of particular useful- 90 

pclymcthacrylic acid, and methyl vinj'l ether- ness are the galactose polysaccharides, e.g., 

maleic acid copclmer. The preferred poly- those derived from Irish moss (carrageen), e.g. 

mers of this class are the hydrolysed styrene- that available as SeaKem Type No. 1 from 

maleic anhydride copolymers, the anhydride Seaplant Chemical Corporation, New Bed- 

30 groups of which are preferably at least 50 vz: ford, Massachusetts. For example, the solu- 95 

cent hydrolysed. " " bility of completely hydrolyzed styrene-maleic 

The preferred polymers of the above des- anhydride copolymer in water can be raised 

cribed type can be represented by the formula from about 2% to about 7 to 10% in the 

— ( — R— R 1 — ) — „ where R is a recurring unit presence of relatively small amounts of this 

35 which is comprised of groups of which at polysaccharide, e.g., one part to four parts 100 

least 70 per cent are styrene residues so that of the copolymer. Between pH 1 and 2.5 

R is essentially a lipophilic unit, the remain- (the pH found in a normal stomach) a styrene- 

ing groups comprising" R being either hydro- maleic acid copolymer as defined herein is 

philic or lipophilic in character, and R 1 is a only C to 1% icnized and thus is insoluble 

40 recurring unit which is comprised of groups in this pH range, making the polymer a use- 105 

of which more than 50 per cent, and prefer- ful enteric coating. 

ably mere than 7C per cent, are maleic acid Ordinarily, the desired oil in hydrophiiic 

residues so that R 1 is essentially a hydrophiiic liquid emulsion with, if desired, dissolved or 

unit, the remaining groups comprising R 1 suspended material in either phase thereof, is 

45 being either hydrophiiic ~ or lipophilic in rapidly agitated with an aqueous dispersion of ^10 

character, the said groups comprising R or the coacervating polymers copolymer, e.g., in 

R 1 which are cl hydrophiiic or lipophilic a homogenizer, cr by passing through a colloid 

character being residues "of ethyl enic mono- mill until the desired particle size is achieved, 
mers such as those of acrylonitrile, acrylic i.e., an average particle size of from about 

50 acid, methacrylic acid, itaconic acid, vinyl 0.5 to about 200 microns. 115 
chloride and vinylidene chloride, the ratio of As employed he- .n, the term "primary 
RrR 1 being from 1:1 to about 4:1 prefer- emulsion" is intended to refer to the emul- 
ably from 1 : 1 to about 1.2:1, and n is an sion initially formed from the hydrophiiic 
integer from about 90 to 1,CC0. The aver- liquid, with or without dissolved or suspended 

55 age molecular weight of the copolymer prefer- ingredients, and the selected oil, with or with- 120 
ably ranges from about 2C~,CC3 to about out dissolved or suspended active ingredients. 
203,000. The selection of the said oil is not critical and 

Also included within the term " linear is dependent on the function to be served 
macromolecuhr synthetic polymers " are car- by the oil, i.e., as a solvent or suspending 

60 bchydrate acetate nhthahtes, for exrmnle, medium or merely as the internal phase of 125 
starch acetate phthalate, cellulose acetate the primary emulsion. Thus, virtually any 
phthalate and acrylose acetate phthalate. animal, vegetable, mineral cr synthetic oil 

Copolymers employed in this invention are having the desired physical characteristics can 
well-known in the polymer art. For example, be employed for this purpose. Lanolin, corn 

65 styrene-maleic anhydride copolymer and Resin oil, soybean oil, castor oil, cod liver oil and 130 
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mineral oil are examples of such oils. The 
conventional emulsifying agents, such as 
esters of polyhydric alcohols, sorbitan deriva- 
tives and sorbitan polyoxyethylene deriva- 
5 tives are usually employed in preparing the 
said primary emulsion. Selection of the 
particular surface active agents or combina- 
tion of agents as die stabilizing agent for any 
particular emulsion can advantageously be 
10 made by reference to the HLB fhydrophile- 
hpophile balance) system, as described in 
Remington's Practice of Pharmacy, 11th Edi- 
tion, Mack Publishing Company, 1955, page 
191. Thus, by noting the HLB require- 
15 ment for the particular emulsion system in- 
volved, an appropriate agent or combination 
of agents can be identified which will facili- 
tate the stabilization of the desired emulsion. 
A s with all emulsion formation problems, 
M selection of the most suitable agents must ulti- 
mately be based cn trial. Accordingly, an 
cnamplc of the final emulsion should be 
checked, for example, by diluting and agitat- 
ing with a relatively large volume of writer, 
25 to determine that a stable emulsion of the 
type desired has actually been obtained. Addi- 
tionally, the selected agents must be such as 
not to interfere with tie formation of a co- 
acervate. 

30 The term " hydrophilic liquid" as used 
herein is intended to refer to water, aqueous 
solutions or suspensions, and non-aqueous 
solutions or suspensions immiscible in the oil 
phase of the primary emulsion. 
35 In addition to emulsions containing soluble 
or suspend able active ingredients in the hydro- 
philic liquid phase, the coacervates herein, by 
practice of the present invention, can be de- 
posited about any emulsion containing dis- 
40 solved or suspended active ingredients in the 
oil phase. The active ingredients to be dis- 
solved or suspended in either the hydrophilic 
liquid or the oil phases are limited in selec- 
tion only by the solubility, suspending charac- 
45 teristics or compatibility of the ingredients in 
both phases. As used herein, the term 
" active ingredients " refers to material which 
may be included in either or both phases of 
the primary emulsion and which does" not sub- 
50 stantially affect either the emuldfication or 
coaeervation processes. 

The term " thickening agent " as used here- 
in refers to materials which are substantially 
insoluble in the oil phase of the primary emul- 
55 sion and which will cause the external phise 
of the primary emulsion to have a surfsce 
which is lipophilic, or, at least, less hydro- 
philic than water. This will permit a co- 
acervate to deposit thereon. The oresence 
60 of one or more thickening agents in the said 
external phase is an essential element of this 
invention. To be operative in facilitating 
coacervation, however, these thickening agents 
require the presence of oil in the "internal 
65 phase, there being an as yet undetermined 



relationship or interdependence between th* 
thickening agents and the oils. Suitabl- 
materials constituting the thickening agents 
hereoi embrace the known natural and syn- 
thetic agents (including derivatives of both), 70 
specifically including those alluded to in 
Thickening Agents Used in Pharmacy, by 
Charles H. Becker, American Professional 
Pharmacist 20; 939 f October) 1954, such as 
acacia, tragscanth, methyl cellulose, carboxy- 75 
methylcellulose and magnesium aluminum 
silicate, as well as ether thickening agents 
such as the polyglycols, glycerin and syrups. 
The specific amounts of these materials may 
vary with the particular agent and system 80 
involved and can be readily determined by 
routine experimentation. A range of from 
about 1 to about 20% by weight, based on 
the volume of the hydrophilic liquid phas-, 
broadly represents a practicable range,* with 85 
irom about 5 to about 10% being preferred in 
most instances. It is also often advantag- 
eous to include a thickening agent in the co- 
acervating medium. 

The term " coacervating medium " applies '90 
to the mixture of the aqueous dispersion of 
the coacervating polymers, with or without a 
thickening agent, prior to the separation of = 
the aforesaid co!lcid-rich phase 'coacervate). 

The term " secondary emulsion " refers^ to 95 
the emulsion formed when the urirnary emul- 
sion is added to the coacervating medium 
before coacervation takes place. "The said 
secondary emulsion comprises the said prim- 
ary emulsion dispersed in the coacervating 100 
medium and exists as an entity of the mixture 
only until a coacervate is formed about the 
particles of the secondary emulsion. 

In the preferred embodiment of this in- 
vention, a primary oil-in-watcr emulsicn is 105 
prepared by emulsifying (1) a vegetable oil 
such as corn oil into (2) approximately an 
equal volume cf an aqueous solution contain- 
ing the desired active ingredient, together 
with a small quantity of methyl cellulose as 110 
a thickening agent. The preparation of the 
emulsion is carried out at approximately 80° 
C. Gelatin is dispersed in" water at 80" C, 
and styrene-maleic acid copolymer is dispersed 
•m water and adjusted to pH 7 with 10", 115 
sodium hydro-idc solution. The primary 
emulsion and styrene-maleic acid sol are 
thoroughly mixed at 80° C, and the gelatin 
sol is added slowly thereto with continuous 
stirring. The pH of the resulting mixture 120 
is lowered to 4.9 wirh 20% acetic acid, co- 
acervation occurring during the acid addition. 
The coacervate is cooled to 5° C. to gel the 
gelatin component of the coacervate, which is 
then hardened, washed and dried. 125 

In the preparation of the orimary emulsion, 
the conventional emulsifying agents are nor- 
mally employed to facilitate the establishment 
of and contribute to the stability of the prim- 
ary emulsion, as well as to assure that the 130 
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.... .-- i.e., oil-in-hydrc- 

phihc liquid, is obtained. Since the size of 
the fin:.l encapsulated emulsion particles de- 
pend* in p M : L cn the size of the emulsion 
droplets ci the primary emulsion, the d-<«- c - 

0. dispersion o! ttv oil in the hvdrophilic 

1. quid should be r^ulzud in accord with the 
desired particle size of the ultimately obtam-d 
ccacervatc. 

The temp erctuie at which the priinarv 
crnulsicn is prepared js of liale consequence 
with respect to the functioning of the pres-nt 
process. Hcv.ever, i: is necessary that th- 
temperature at which co2ccrvation* is carried 
out be above the gei point of -ny gelab!e co- 
eccrwuxi- poiymcr end r.-khin cr closely 
T 1 ""^ 3 th? S'-Hino or rhichening range of 
the ih!-.-.;cn:n- cgent present in the hydro- 
philic liquid ninve cf the prirn-ry emulsion 
Where methyl cellule- is 'employed Uie 
tnic.Ner.in- a-.nt, :he temperature th* co- 
.-cer/nnn- rred.urr. chouid be cbout CO J C 
to assure Mj.h 2 n inc-e-ed viacodiy in the 
hydrophdc hq^id ph-c. After the coa=-r- 
vate shell hj, cn-.eloreJ the emulsion par- 
ticle*, the lemrcreiure i_> lowered belc\v'the 
gel peint of anv enable component of the 
coacerTiro. V: li re ?: \ z i m ; s employed as 
tnis_ component, reduci rn in the temperature 
to 30 C or lower. J. ending cn thV tvpe 
of gelatin u-j, rre.'ereLiy to about 5 ' C, 
will produce the Jcv'ed gelling. 

For every c.imbineiirn of coacervating 
po.ymcrs there cvms i rll rcn^e within which 
coaccrvaiion will ccecr. Thi 3 ranere can be 
cetcrmm.j re-Ji!y hv routine experimenta- 
tion in whiwh r'v nil of a sample" is slowly 
changed uniii * coecervaie develops. It is 
preferable in rrV: n- i^is determination that 
a trial run be c:rd-.»ctej without an emulsion 
being present. Th; onset of ccacerv?tion 
can be iJcnufcJ by a developing cloudiness 
observed in the caicfrvatin* medium, and the 
presence of emuhion particles renders dilh- 
cult the observation of'the clcudhv-ss Wii^ 
a geluble hvdrophilic c:>! : o : d h present' as"? 
ccacervating component it is also nscessarv 
that caacerv-.itijn be carried out above th^ 
gel point of the said colloid. Likewise, 
where the hvdnphi;i c colloid, whether or not 
gelable, is an i^celcciric colloid, the pH of 
the coacervT.in? rneJium must be such that 
oppositely chj v-J cu!! lids are present there- 
in. 

Alternatively. coticervaiirn cmh be induced 
by dilution of :hc coacervctin^ medium con- 
taining the coacervating polymers with water 
until the operjtive polymer concentration 
range is reached. The criiical concentration 
will vary w:ih the canicular polymers in- 
volved and can he determined bv the method 
described above. 

The uhim-ic particle size of the coacervat* 
product is d-. rxmden: in par:, a s heretofore 
indicated, on ihe i'r-T\v of dispersion or size 



Ci ni f J °! 1 Particles of the primary emulsion, 
in addition the particle size is of course a 
function c. the thickness of the coacervate 
coating. The more complete and rapid the 
mixing, the smader the secondary emulsion 
droplets which are presented as nuclei about 
whica the coacervate will form, and hence 
me smaller will be the final coacervare units 
following formation of the liquid coacer- 
vate, the ccccervate optionally can be *ell-d 
and hardened, plastioized or otherwise treated 
to adapt it to the intended use. Treating 
the coacervate, for example, with formalde- 
hyde under alkaline conditions produces a 
hardened coacervate shell which can then be 
dried. For most applications, contact of 
the coacervate with the said formaldehyde 
so,uticn for a period of about 1 to 2 hours 
is productive of a material having substanti- 
ally unproved hardness qualities over the un- 
treated coacervate. 

As cither an alternative or supplementary 
treatment, the hardening procedure can be 
directed at the linear rnacromolecular poly- 
meric component of the coacervate rather~tha n 
at the hvdrophilic colloid portion. Thus th- 
coacervate can be subjected to dilute aceric~ 
hydrochloric, or sulfuric acid for about 1 
hoar for added hardness. 

Variations in the hardness of the coacer- 
vate shell can be obtained by varying the 
quantity of hardening a*enr and the period 
of contact therewith. Hardening likewise 
hp considerable influence on the permeability 
ci the coacervate, both with respect to the 
invasion of environmental fluids which would 
cause disintegration of the coating and to the 
containment of active ingredients which 
would otherwise impart undesirable color or 
taste characteristics to the product. 

The finally treated coacervate can be separ- 
ated for example by centrifugin<r, filtering, or 
decanting. This can be followed by drying 
by known methods, as by spray drying, freeze 
drying, air drying, or direct heating, option- 
ally preceded by a washing step, to" obtain a 
product essentially free of surface moisture 
e>uch a product can then be formulated as a 
cry material. 

A convenient and informative test for the 
integrity of a coacervate coating produced by 
the method of the present -invention involves 
the incorporation of a soluble dye in the hvd- 
rophilic liquid phase of the primarv emul- 
sion. The coccervate is fo"rmed 'in the 
manner described and the resulting material 
after gelling and, optionally, after hardening 
13 dispersed or immersed in the test liquid. 
Ine jquid can be -enrly stirred to thoroughly 
expose all coacervate surfaces. Any dv- 
escaping from the hydropliilic liquid pha'se 
through the coacervate shell is readily detect- 
able in the test liquid. 

The following examples are illustrative of 
the process and products of the present in- 130 
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vention but are not to be construed as limit- 
ing the scope of the invention. 

Example 1 
A suspension of 8 gm. of methyl cellulose 
5 and 50 gm. cf cirfeine in ICO ml. of water 
is heated to 80° C. One hundred milli- 
liters of mineral oil is heated to 80" C. and 
emulsified into the aqueous suspension. 
Seventy-five grams of styrene-maleic acid co- 

10 polymer is dispersed in 1500 ml. of water, 
heated to 80° C., and sufficient 10% sodium 
hydroxide is added to dissolve the copolymer. 
The emulsion is then dispersed in the co- 
polymer sol with agitation. Seventy-five 

15 grams of gelatin is dispersed in 5CC ml. of 
water, heated to 80° C, and 10 % sadium 
hydroxide is added to raise the pH to 7. The 
gelatin sol is then added drcpv/ise to the 
emulsion-copolymer mixture with continuous 

20 stirring. Immediately thereafter is added 
drop wise a sufficient amount of 2C% acetic 
acid solution to bring the pH of the mixture 
down to 39. The material is maintained at 
8C 3 C. for 15 ruin., then cooled to 4° C. 

25 over a period cf 30 min. To harden the 
coacervate 75 ml. cf 37% formaldehyde solu- 
tion is added, followed by the dropwise addi- 
tion of 10% sodium hydroxide to bring the 
pH up to 8. The hardened material is then 

30 separated by centrifugation, washed with 2% 
hydrochloric acid and air dried- 

Other thickening agents can be substituted 
for the methyl cellulose above in equal 
amounts, such as, for example, acacia, trsga- 

35 canth, carboxymethylcellulose, magnesium 
aluminum silicate, the polyglycols, glycerin, 
and syrups. 

Similarly, ether hydrophilic colloids such 
as agar-agar, albumen, or fibrinogen, together 

40 with other linear macrcmolecular synthetic 
polymers such as styrene-maleic acid amide, 
the sulfonated polystyrenes, starch acetate 
phthalate, cellulose acetate phthalate, amylose 
acetate phthalate, pcIymetSacrylic acid, and 

45 methylvinyl ether-maleic acid are substituted 
for the styrene-maleic acid above. 

Example 2 
Twenty-five 2x2 ms of rotenone and 2.5 gm. 
of magnesium aluminum silicate are dispersed 

50 in 50 ml. of water at 50° C. Fifty milli- 
liters of corn oil is heated to 50° C, 2nd emul- 
sified into the aqueous suspension. A sol is 
prepared by dispersing 25 gm. of cellulose 
acetate phthalate and 25 gm. of fibrinogen in 

55 300 ml. of water, and sufficient 10% hydro- 
chloric acid is added to adjust the pH to 
3.0. The emulsion h dispersed in the sol 
with vigorous agitation^ and 500 ml. of water, 
previously heated to 50° C, is^ added dropwise 

60 with continuous stirring. Ihe temperature 
is maintained at 50° C. for 30 mih., then 
lowered t<> 4° C. ever a period of 30 min. and 
mninrained at this Doint for 1 hour. In 



order to harden the encapsulated product, 25 
ml. of 37% formaldehyde solution is added 65 
dropwise, followed by a sufficient amount of 
10% sodium hydroxide to raise the pH to 9.0. 
After the formaldehyde has remained in con- 
tact with the mixture for 1 hour, the solids 
are separated by centrifugaticn, washed with 70 
water, and spray dried at 80 J C. 'exhaust 
temperature). 

Example 3 
Ten grams cf carboxymethylcellulose and 
1 gm. of alizarin cyanide green are dispersed 75 
in 1O0 ml. of water at 50" C. Fifty milli- 
liters of peanut oil 'is heated to 50° C. and 
emulsified into the aqueous dispersion. Fifty 
grams of styrene-maleic acid amide copolymer 
is dissolved in 4G0 ml. of water at "50" C. 80 
and sufficient 20% acetic acid is added to 
adjust the pH to 3.0. Fifty grams of serum 
albumen is dispersed in 300 ml. of cold water, 
heated to 50 = C, and sufficient 20% acetic 
acid is added to adjust the pH to 3.0. The 85 
copolymer solution is then combined with the 
albumen sol and the emulsion is dispersed 
therein with continuous agitation. Four r 
hundred milliliters of water, previously heated 
to 50° C, is added dropwise* to the emulsion- 90 
sol mixture. The temperature is then 
lowered to 4° C. over a period of 30 min. 
The pH of the material is then raised to 8.5 
by the addition of 10%. sodium carbonate 
solution and 50 ml. of 37% formaldehyde 95 
solution is added to harden the coating. The 
hardened product is separated by filtration, 
washed with water, and spray dried. 

Example 4 

A mixture of 25 gm. of urea and 5 gm. 100 
of tragacanth is dispersed in 50 ml. of glycerin 
and heated to 80° C. Fifty milliliters of 
mineral oil is heated to 8C° C. and emulsified 
into the glycerin dispersion. A mixture of 
5 gm. of Sea Kern Type No. 1 ("galactose poly- 105 
saccharide, Seaplant Chemical Company) and 
25 gm. of styrene-maleic acid copolymer \s 
dispersed in 5G0 ml. of water sr SO" C With 
continuous stirring, the emulsion is dispersed 
in the copolymer sol. A gelatin sol is made 110 
by dissolving 25 gm. of gelatin in 500 ml. 
of water at 80° C. The gelatin sol is added 
dropwise to the copolymer-emulsion mixture 
with continuous stirring. The temperature 
of the material is then lowered to 4° C. over 115 
a period of 30 min., and stirring is continued 
at this temperature for 1 hour. The encap- 
sulated product is hardened by treatment with 
37% formaldehyde solution for 4 hours. The 
hardened material is washed with water and 120 
air dried at 50° C. 

WHAT WE CLAIM IS: — 

1. A process for coating particles of an oil- 
in-hydrophilic liquid emulsion by coaccrva- 
ticn which comprises: '1) forming a primary 125 
oil-in-hydrophilic liquid emulsion containing 
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at least one thickening agent as hereinbefore 
defined in the hydrcphilic liquid plnse, <2) 
forming a secondary emulsion comprising the 
said primary emulsion dispersed an aqueous 

5 dispersion of at le2st two ccacervating poly- 
mers, at least one of which is a hydrophilic 
colloid and at least one of which is a 
linear rnacromokcular synthetic polymer, and 
(3) causing a coacervate composed of the co- 

10 acervating polymers to deposit about particles 
composed of the primary emulsion. 

2. A process as claimed in Claim 1, in 
which the thickening agent is acacia, traga- 
canth, methyl cellulose, carboxymethylcellu- 

15 lose, magnesium aluminium silicate, a poly- 
glycol, glycerin or a syrup. 

3. A process as claimed in Claim 1 or 2, 
in which the thickening agent is present in 
an amount from 1 to 20 °i by weight based 

20 on the volume of the hydrophilic liquid. 

4". A process as claimed in any preceding 
claim, in which the hydrophilic cclloid is 
gelable and coacervation is carried out at a 
j temperature above the gelation point of the 
25 gelable colloid. 

5. A process as claimed in any cf Claims 
1 to 3, in which the hydrophilic cclloid is 
gelatin, agar-agar, albumen, an alginate, de- 
acetylated chitin, acacia, starch, or fibrinogen. 
30 6. A process as claimed in any preceding 
claim, in which the linear macromolecular 
synthetic polymer is a sulphonated polysty- 
rene or a carbohydrate acetate phthalate. 

7. A process as claimed in any of Claims 
35 1 to 5, in which the linear, macromokcular, 

synthetic polymer has the formula: — 

— [-R-R 1 — ]— „ 
in which R is a recurring unit which is com- 
prised of groups of which at least 70% are 

40 styrene residues so that R is essentially a 
lipophilic unit, and R 1 is a recurring unit 
which is comprised of groups of which more 
than 50%. are maleic acid residues so that R 1 
is essentially a hydrophilic unit, and in which 

45 the ratio of R to R is between 1 : 1 and 4 : 1 
and n is an integer from 90 to 1,jC0. 

8. A process as claimed in Claim 7, in 
which the linear, macromolecub.r, synthetic 



polymer is a hydrolysed maleic anhydride co- 
polymer, in which the anhydride groups are 50 
at least 50% hydrolysed. 

9. A process as claimed 'in any preceding 
claim in which coacervation is effected by 
diluticn with water or by a change in the 
pH of the system. 55 

1C. A process as claimed -in any preceding 
claim, in which the coated emulsion particles 
are hardened and then separated from the 
solution in which they are formed. 

11. A process as claimed in Claim 10, in 60 
which the coated emulsion particles are also 
dried. 

12. A process as claimed in any preceding 
claim, in which the hydrcphiMc liquid is 
water. 65 

13. A process as chimed in any preceding 
claim in which either or both phases of the 
primary oil-in-hydrophilic liquid has dissolved 
or suspended therein an active ingredient as 
hereinbefore specified. 70 

14. A process for coating the particles of 
an oil-in-hydrophilic liquid emulsion substan- 
tially as described herein with reference to 
any of the examples. 

15. A capsule comprising an oil-in-hydro- 75 
philic liquid emulsion enclosed within a com- 
plex coacervate coating, at least one coacer- 
vating component of which is a hydrophilic 
collcid and at least one coacervating compon- 
ent of which is a linear rnacromolecular syn- 80 
thetic polymer. 

16. A capsule as claimed in Claim 15, in 
which the hydrophilic liquid is water. 

17. A capsule as claimed in Claim 15 or 

16, in which either or both phases of the oil- 85 
dn-hydrophihe liquid emulsion has an active 
ingredient as hereinbefore specified dissolved 
or suspended therein. 

18. Coated particles of an oil-in-hydrophilic 
liquid emulsion whenever produced by a pro- 90 
cess as claimed in any of Claims 1 to 14. 

For the Applicants: 
GILL, JENNINGS & EVERY, 
Chartered Patent Agents, 
51/52, Chancery Lane, London, W.C.2. 
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